Introduction
It has been reported that an average breath sample contained more than two hundreds of volatile organic compounds 1) . Malodour is considered to occur consequent to bacterial action upon food materials, being primarily associated with the degradation of protein and lipids to produce a variety of malodourous compounds 2) . Many kinds of compounds such as volatile sulphur compounds, short-chain fatty acids, diamines, alcohols, phenyl compounds, alkines and nitrogen-containing compounds were suggested to contribute to oral malodour [3] [4] [5] .
Patients with periodontal disease frequently suffer from oral malodour；oral malodour is caused mainly by the VSCs including hydrogen sulphide (H 2 S) and methyl mercaptan (CH 3 SH) 6, 7) . Yaegaki and Sanada found that the CH 3 SH/H 2 S ratio increased significantly with the severity of periodontitis, and that VSC production in mouth air was greater in the presence of periodontal pockets 8) . Although a large number of compounds exist in mouth air, the role of the compounds other than VSC in producing malodour is not significant 7) . On the other hand, it was reported that other gasses contribute to oral malodour 3, 9) , but grade of contribution of other gasses was not clear.
VSCs are produced primarily by anaerobic, gramnegative periodontal pathogens. Porphyromonas gingivalis, Tannerella forsythia, Prevotella intermedia and Treponema denticola, which are highly associated with periodontal disease, are the most active microbiota producing VSCs in vitro 10) . Persson et al reported that these periodontal pathogens generated significant amounts of CH 3 SH and H 2 S derived from L-methionine and L-cysteine, respectively 10, 11) . Microbiota including periodontopathic bacteria in the tongue coating may play an important role in producing VSCs 12, 13) . However, the relationship between VSC concentration or composition in mouth air and the population of periodontal pathogens in periodontal pockets of localized moderate periodontitis, saliva or tongue coating has not yet been described. Therefore, clarification of the relationship between malodour and population of periodontal pathogens will contribute to understand the beginning moment of initial treatment and maintenance of periodontal disease.
The two primary methods used for the clinical analysis of oral malodour are organoleptic measurements and instrumental analysis, which involves a gas chromatograph (GC), portable sulphide monitors or electronic nose（E-nose） . Organoleptic measurement is popular in clinics, but the calibration of judges is required to minimize inter-and intra-examiner variability, using H 2 S and/or CH 3 SH 14) . In contrast, a GC equipped with a flame photometric detector can specifically identify H 2 S, CH 3 SH, and CH 3 SCH 3 , as well as quantitatively determining VSC levels in breath. Many Portable devices are used and there are merits and demerits in these devices [15] [16] [17] . An electronic nose is being developed at Jet Propulsion Laboratory (California, USA) and California Institute of Technology (California, USA) for use in environmental monitoring in the International Space Station 18) . It mimics the human nose sensing mechanism. Electronic nose discriminates among various odours by pattern-recognition of the responses by an olfactory receptor, and is able to detect most odourous compounds in mouth air, although it cannot distinguish each compound 19) . On the other hand, it has been reported that top note and last note mode of electronic nose responded in dose-dependent manner to H 2 S and CH 3 SH, respectively 20) . The aims of this study were to determine the association between mouth air analysis by a GC, electronic nose or organoleptic methods and not only periodontal parameters but also the level of periodontal pathogenic microorganisms in subgingival plaque, saliva and tongue coating in gingivitis and localized moderate periodontitis patients.
Methods

Subjects
The study protocol was approved by the Ethics Committee for Clinical Research of the Nippon Dental University. All patients provided written informed consent. This study consisted of 30 patients without acute symptom (mean age, 30.4±8.6 years；range 21-59；14 males and 16 females) who visited Nippon Dental University Hospital for the dental checkup or maintenance of periodontal disease. Subjects were randomly selected according to the criteria. Inclusion criteria included：1) adult males or females older than 20 years of ages；2) more than 20 natural teeth. The exclusion criteria included：1) tonsil disorders, 2) less than 20 natural teeth, 3) smokers, 4) subjects suffering from systemic disease (e.g., diabetes mellitus, chronic renal failure, cirrhosis of the liver, gastrointestinal disorder, respiratory dysfunction or neoplasia, etc.), 5) administration of antibiotics within the last 3 months, 6) removable -prosthesis or orthodontic-appliance wearers, and 7) as other important sources of malodour prosthetic restorations (implants and screw retained suprastructures) 8) mouth breathing. Subjects were asked to refrain from oral hygiene, eating, drinking, and chewing for 12 hours prior to data collection. They were also required to refrain from using oral hygiene practices including mouth rinses from the previous night.
Mouth air Assessment
All data were collected in the morning. Mouth air analyses were performed first, and then clinical examinations were carried out. Before the organoleptic measurement of malodour, each subject was required to keep their lips closed for a period of 1 minute. They were then asked to exhale through the mouth briefly with moderate force at a distance of approximately 10 cm from the examiner. The organoleptic-malodour rating was estimated by the methods of Miyazaki et al 14, 20, 22) on a scale of 0 to 5 as follows： Score 0, absence of odour；1, questionable odour (detection threshold)；2, slight malodour (recognition threshold)；3, definite malodour；4, strong malodour that can be tolerated by the examiner；5, overwhelming malodour that can not be tolerated by the examiner. Mouth air analysis with electronic nose was performed as follows：Subjects were instructed to keep their mouths closed for 30 seconds 20, 23) , after which they were asked to exhale slowly into a 3-litre polyester-film bag (Flek-sampler®, NIOIBUKURO, Omi Odor Air Service Co, Ltd., Shiga, Japan). This procedure was repeated 10 times and the breath was stored in the same bag each time. Electronic nose analysis was carried out following methods previously described 20, 23) . The electronic nose was equipped with six gas sensors and a sample-trapping tube (FF-1, Shimadzu, Kyoto, Japan). Following the manufacturerʼs instructions the three readings were obtained：the direct mode 24) (top-note measurement mode：top-note mode) was derived from the total values of six sensors without heating (CH1-6) detecting mainly H 2 S, while the thermal desorption tube. Trap tube mode 24) (last-note measurement mode：last-note mode) was obtained from the six 口腔内空気分析による歯周病原性細菌レベルの評価 sensors with heating at 220℃ (CH7-12) including CH 3 SH and dimethyl sulfide (DMS) in this study. The total measurement mode is shown as a combination of the data from top-note and last-note modes (CH1-12).
Prior to VSC measurement with a gas chromatograph, the subjects were instructed to remain quiet and keep the mouth closed for a period of 60 seconds. Subsequently, individuals were asked to exhale slowly into a Teflon sampling bag (GL Science Inc., Tokyo, Japan) through a sterile Teflon straw for 2-3 seconds 20) . This procedure was repeated three or four times. Then 10 ml of the mouth air sample was injected into a gas chromatograph (Shimadzu GC-8APFp, Shimadzu Ltd. Kyoto, Japan) equipped with a flame photometric detector, a 6-port valve and a 10ml sample loop as described by Murata et al 22) . The Teflon column was packed with 1,2,3-TCEP, 25% Shimalite (80-100 mesh, AW-DMCS). The concentrations of VSCs were determined with the use of VSC gas standards (approximately 10, 50, 200, 500, 3000， 5000, 7000 ppb, respectively) prepared with a permeator (PD-1B, Gastec Co., Ltd., Kanagawa, Japan). VSC levels were expressed as ng/10 ml 6) .
Clinical examination
Periodontal health status was assessed by clinical attachment level (CAL), probing pocket depth (PD), and bleeding on probing (BOP), using a CPUNC15 periodontal probe (Hu-Friedy Mfg. Co., Inc., Chicago, USA) at six points around all teeth. Dental plaque accumulation was also evaluated at six points for each tooth, using the plaque score defined by the plaque index (PlI) 25) . Wisdom tooth was excluded from statistical analysis.
The tongue-coating score (TC) consisted of five classes on a scale of 0 to 4 as follows：0, no tongue score；1, tongue covering less than 1/3 of the thin tongue coating；2, Tongue covering l/2-2/3 of the thin tongue coating or tongue covering less than 1/3 of the thick tongue coating；3, tongue covering more than 2/3 of the thin tongue coating or tongue covering l/2-2/3 of the thick tongue coating；4, tongue covering more than 2/3 of the thick tongue coating by multiplying thickness and area 26) . All examinations were performed by a trained and calibrated periodontist.
Quantitative analysis with real-time PCR
A real-time PCR was employed for the quantitative assay of the five periodontopathic bacteria in the stimulated saliva, tongue coating and subgingival plaque. This method was able to estimate the numbers of P. gingivalis, A. actinomycetemcomitans, T. forsythia, P. intermedia and T. denticola in the range of 0-10 5 bacterial cells. After paraffin-stimulated saliva was collected for 5 minutes, tongue coating was sampled with sterile spatulas and cotton swabs (men-tip ® , Nihon-menbou, Tokyo, Japan). A subgingival plaque sample was obtained from the deepest PD in each subject by inserting a paper point (Johnson and Johnson Services, Inc. USA.) until resistance was encountered, and leaving it there for 10 seconds 26) . Tongue coating and subgingival plaque suspended in 1ml phosphate-buffered saline (pH 7.2) were immediately frozen until analysis. All bacterial samples were analyzed by BML Inc, Saitama, Japan.
Bacterial culture
P. gingivalis ATCC 33277 was grown in 4 ml of modified BM medium containing hemin and menadione supplemented with 30ml of 33 mM L-cysteine or L-methionine in 8ml of screw top glass vial for auto-sampler (Chromacol Inc, Wilmington, NC, USA)
The head space gas of culture tube was sampled with syringe and analyzed by gas chromatograph and electronic nose.
Statistical analysis
Data were analyzed utilizing SPSS 11.0J for Windows (SPSS Inc., IL, USA). Simple linear regression analysis was used. For electronic nose, the backward elimination method in multiple regression analysis was used.
Relationships among the total levels of five periodontopathic bacteria in subgingival plaque, VSC concentrations measured by GC and electronic nose values were assessed with multiple linear correlations. The values over ± 3SD were avoided, but no cases applicable to these criteria were found. All leverage were smaller than 0.5. Relationships among the levels of five periodontopathic bacteria in stimulated saliva, tongue coating and subgingival plaque were assessed with Pearsonʼs correlation. Fig. 1 shows the transition of sensor value of Electronic nose for the VSC. Hydrogen sulfide and methyl mercaptan produced by the permeator reacted with sensors in concentration-dependent manner ( Figs 1A, B) . The differently processed sensors were mounted in Electronic nose, and it was recognized that different substances reacted with the different sensors.
Results
Transition of sensor values of Electronic nose for the VSC concentration
Bacterial growth, VSC production and electronic nose response Fig. 2 shows the relationships among bacterial growth, production of VSC by the bacteria analyzed by GC and electronic nose. Production of H 2 S gas increased along with the bacterial growth and reached plateau at 13 hours culture. Production of CH 3 SH gas increased gradually up to 19 hours culture ( Fig. 2A) . Top-note mode and last-note mode sensor values showed similar transition to the production of light gas like H 2 S having high hydrophilicity and comparatively high boiling point volatile gas like methyl mercaptan, 
respectively (Figs 2B, C).
Clinical parameters and values of mouth air analysis of subjects
The average data of the BOP about the subjects were 7.09±6.10 (Table 1 ) And the average score of the CH 3 SH is 0.34±0.45. The oral condition of the subjects in this study were comparably well and total VSCs were mild level of 1.34±1.06, and organoleptic values were also mild level of 1.77±1.22.
Relationship between clinical parameters and values of mouth air analyses
PlI showed a significant positive correlation between clinical parameters and mouth air analyses, i.e. last-note measurement mode of electronic nose, total measurement mode of electronic nose, CH 3 SH values and total VSC values ( Table 2 ). Average PD also indicated a significant positive correlation with the organoleptic score (OLS). The percentage of pockets (PD ≧ 4 mm) was significantly correlated with the CH 3 SH/H 2 S ratio and the OLS. Also, maximum PD was significantly correlated with the last-note measurement mode of electronic nose, the total measurement mode of electronic nose, the CH 3 SH/H 2 S ratio and the OLS. Furthermore, the tongue coating score is also correlated with H 2 S, total VSCs and the OLS (Table 2) . Table 3 shows no relationship among electronic nose analyses and H 2 S, CH 3 SH or OLS. However, the OLS was significantly correlated with the H 2 S, CH 3 SH and total VSC concentrations. The CH 3 SH/H 2 S ratio showed a high correlation with both the last-note measurement mode and the total measurement mode of electronic nose.
Relationship among mouth air analyses
Relationships of the microorganisms among three sampling sites
Five periodontopathic bacteria were detected in saliva, tongue coating and subgingival plaque. A higher level of T. forsythia was detected in all three sites (Table 4) .
Between saliva and tongue coating, a positive correlation was observed in A. actinomycetemcomitans, P. intermedia, P. gingivalis, T. forsythia and the total of the five periodontopathic bacteria (Table 5) . A positive correlation was also found in A. actinomycetemcomitans and P. gingivalis between subgingival plaque and tongue coating. Furthermore, a positive correlation was observed in A. actinomycetemcomitans, P. intermedia, P. gingivalis and the total of the five periodontopathic bacteria between saliva and subgingival plaque.
Relationships between mouth air analyses and levels of periodontopathic bacteria.
The levels of periodontopathic bacteria in saliva, tongue coating and subgingival plaque were compared with various parameters of mouth air analyses, such as H 2 S, CH 3 SH, total VSCs, CH 3 SH/H 2 S ratio, total mode of electronic nose, and OLS. The microbiota was found to be correlated only with the CH 3 SH/H 2 S ratio or the total measurement mode of electronic nose ( Table 6 ). The total mode of electronic nose and CH 3 SH/H 2 S ratio by GC showed positive correlations with T. forsythia and the total level of the five periodontopathic bacteria in subgingival plaque. and mouth air analyses of study subjects. Table 2 Relationships between mouth air analysis and clinical parameters Table 3 Relationships among various mouth air analyses Table 4 Levels of the five periodontopathic bacteria in oral sites Table 6 Relationships between levels of the bacteria in subgingival plaque and mouth air analyses Table 7 Comparison of mouth air analyses and level of the microorganisms in subgingival plaque 
Comparison of mouth air analyses and level of the microorganisms in subgingival plaque
The total level of the microorganisms in subgingival plaque correlated CH 3 SH/H 2 S ratio and organoleptic score. Adjusted R 2 by multiple regression analysis remarkably increased with a combination of both the CH 3 SH/H 2 S ratio and the total mode of electronic nose in the same way (adjusted R 2 ＝0.836, p＜0.008) (Table 7A ). Furthermore, the total level of the five periodontopathic microorganisms in subgingival plaque correlates CH 3 SH/H 2 S ratio and/or total mode of electronic nose. Adjusted R 2 by multiple regression analysis remarkably increased with a combination of both the CH 3 SH/H 2 S ratio and the total mode of electronic nose (adjusted R 2 ＝0.690, p＜0.027) (Table 7B) (Fig 3) Furthermore, the total level of the five periodontopathic microorganisms in subgingival plaque was forecast from the multiple regressions as mentioned above, and estimated in the results. A significant positive correlation was demonstrated between the actual measurement value and the forecast value of the total level of the five periodontopathic microorganisms in subgingival plaque (R＝0.669, R 2 ＝0.447, p＜ 0.001). The forecast value was estimated by multiple regressions between the PCR value and a combination of both the CH 3 SH/H 2 S ratio and the total mode of electronic nose. In addition, the level of the T. forsythia in subgingival plaque significantly correlated with CH 3 SH/H 2 S ratio or the total mode of electronic nose. (Table 7C) 
Discussion
The relationships between H 2 S and CH 3 SH gases and electronic nose responses were previously reported 20) . And the relationship between oral malodour and periodontal parameters has been reported 8) . Periodontopathic bacteria, i.e. P. gingivalis, P. intermedia, T. forsythia and T. denticola in subgingival plaque produce several compounds including VSCs 3) . We have demonstrated that the CH 3 SH/H 2 S ratio in mouth air was significantly correlated with maximum PD (mm) and percentage of PD ≧ 4 mm. These results were in agreement with a previous report 8, 26) . Periodontopathic bacteria are known to contribute to the production of CH 3 SH from methionine that is contained in gingival crevicular fluid. Electronic nose was developed in order to mimic human olfaction that functions as a non-separative mechanism；i. e., an odour is perceived as a global fingerprint. It differs from GC in that each compound cannot be identified separately. Both the last-note measurement mode and the total measurement mode of electronic nose were correlated significantly with max PD , whereas max PD does not correlate with H 2 S and CH 3 SH (Table 2 ). These results suggest that electronic nose could detect unknown compounds which were not detected by a GC. Although OLS correlated with VSC concentration, electronic nose values did not correlate with OLS. Moreover, Van den Velde et al 7) found no correlation of compounds other than VSCs with oral malodour；thus the compounds detected by electronic nose may be non-malodourous and malodourous compounds. Furthermore, the total level of periodontopathic bacteria correlated with electronic nose measurement, but it did not correlate with OLS and GC values (Table  6 ). This suggests that electronic nose also detected gaseous compounds other than malodourous compounds produced by the periodontal pathogens. The amount of VSCs in mouth air showed a strong correlation with tongue coating 1, 12, 27, 28) , and tongue coating influences the periodontopathic bacterial population in subgingival plaque 29) . In this study, levels of P. gingivalis and A. actinomycetemcomitans in the tongue coating were correlated with those in subgingival plaque. Also, the level of periodontopathic bacteria in stimulated saliva revealed significant correlations with that in subgingival plaque and in tongue coating.
Persson reported that T. forsythia (formerly Bacteroides forsythus) produced high levels of VSCs, especially H 2 S and CH 3 SH 11) . The level of T. forsythia in subgingival plaque also demonstrated significant correlation with the total measurement mode of electronic nose and the CH 3 SH/H 2 S ratio；a high level of T. forsythia was detected in subgingival plaque from the periodontal pockets. Therefore, there might be a close relationship between the existence of T. forsythia in subgingival plaque and gas compounds in mouth air. The total mode of electronic nose and CH 3 SH / H 2 S ratio by GC showed positive correlations with T. forsythia and the total level of the five periodontopathic bacteria in subgingival plaque. These results supported the known positive correlation between periodontitis and malodour.
A combination of the total measurement mode of electronic nose and the CH 3 SH/H 2 S ratio correlated with the total level of the five periodontopathic bacteria in subgingival plaque. Therefore, it might be possible to estimate the total level of periodontal pathogens by the total-measurement mode of electronic nose and the CH 3 SH/H 2 S ratio. This suggests that mouth air analysis might provide important information for estimating the level of periodontopathic bacteria in periodontal pockets. If a compact device for analysis of mouth air components becomes available in the future, it will be possible to assess clinically the level of periodontopathic bacteria in periodontal pockets for diagnosis and treatment of periodontitis.
The patients in this study were gingivitis and localized moderate periodontitis, so that the PD were localized and not so deep, and low levels of periodontal pathogenic microorganisms were detected. Presence or absence of malodour was not criteria to recruit the patients for this study. Therefore, low correlation coefficients might be obtained in the relationships between OLS and periodontal status or levels of periodontal pathogenic microorganisms. Low but clearly significant correlation would be ascribed to low levels of VSCs and OLS in this study.
Electronic nose is very sensitive to detect malodour substances, therefore, electronic nose is suitable to assess the mouth air of gingivitis and localized moderate periodontitis patients. It was demonstrated that corporative use of electronic nose with GC would bring better results to predict the risk of initial periodontitis. This study suggests that electronic nose would be a useful to predict periodontal pathogens or periodontal status. But the studies of the relationships between periodontal status and electronic nose parameters were very few. Electronic nose studies would provide electronic nose possibility in several other medical specializations in the future.
